The main objective of the research is to assess the ability of the Ukrainian economy and its individual industries to ensure, in the conditions of economic growth, a stable reduction of natural gas consumption and, consequently, to reduce dependence on its imports. Six types of relationships were identified between the change in sectoral added value and the change in the consumption of certain energy resources, in particular natural gas. The conditions are established under which the growth of sectoral added value is accompanied by a decrease in the consumption of certain energy resources. The index of sectoral efficiency of the use of certain energy resources was proposed and a model of the decomposition of the growth rate of this indicator was constructed. Quantitative indicators of measuring economic barriers on the way to introduction of energy-saving technologies are presented. Conditions under which economic growth is accompanied by a decrease in the level of dependence of the economy on imports of energy resources are modeled. The dynamics of natural gas consumption by sectors of the Ukrainian economy is analyzed. It is proved that reduction of natural gas consumption due to increased energy efficiency occurs mainly in industries with an average value of share of the cost of purchasing this energy in the total operating expenses. An estimation is undertaken of the possibility of achieving independence of the Ukrainian economy from the import of natural gas in different scenarios of changing main parameters that determine the probability of such an achievement.
Introduction
Nowadays, many countries face the problem of dependence on imports from foreign energy sources. This dependence may negatively affect the trade balance of the countries and the exchange rate of national currencies. In addition, the high share of imported energy in the structure of energy consumption causes a risk of economic losses due to disruption of energy supplies. Finally, countries' dependence on imported energy can have political consequences if this dependence is used as an instrument of political pressure on the governments of those countries that import energy sources. In this regard, in recent years, many countries, in particular European Union (EU) countries [1] and the United States [2, 3] , have developed and have implemented government programs for the purpose of reducing their dependence on imported energy supplies.
The achievement of energy independence is complicated if the economy is growing, because such growth may require additional energy resources. Consequently, there is a certain contradiction between the aim of reducing dependence of the economy on imported energy and the necessity of ensuring stable economic growth. However, in most countries, the possibility of such an increase is limited or absent. Therefore, reducing power consumption, in particular through the development of renewable (green) energy [4] and improving energy efficiency [5] , are crucial for achieving energy independence.
Natural gas plays an important role among all types of energy resources, the import of which countries are trying to reduce. This is due to the fact that the supply of this type of energy is difficult to diversify and import prices are often very high. On the other hand, natural gas is currently one of the main sources of energy for many countries, particularly EU countries [6] .
Ukraine also belongs to the list of countries for which the achievement of independence from natural gas imports is particularly relevant. Previously, this country satisfied a significant share of demand for natural gas by imports from Russian Federation. However, since 2014, as a result of the military-political conflict [7, 8] , relations between Ukraine and Russian Federation have become much more complicated. Ultimately, this resulted in the termination of imports of natural gas from the Russian Federation with simultaneous reorientation to its purchase from EU countries. At the same time, the situation is complicated by the fact that the government of Ukraine has temporarily lost control over part of the territory of the country, where there are rich deposits of natural gas.
The risk of possible interruptions in the supply of natural gas to Ukraine is quite high, and its import price significantly exceeds the cost of extracting its own natural gas. Therefore, the Ukrainian government has set the goal of achieving energy independence from imports of natural gas [9] . To do this, the government planned to reduce natural gas consumption, as well as to increase its own production [10] . In particular, a state support program of measures to improve energy efficiency in the residential sector [11, 12] was launched in order to reduce natural gas consumption in Ukraine. The possibility of implementing such a program for commercial consumers of natural gas is also being considered. However, although the share of imports of natural gas in the total demand of the Ukrainian economy generally tends to decrease, this share in 2018 remained at about 30%. This, in particular, is due to the fact that the volume of natural gas consumption in the Ukrainian economy remains too important. Taking this into account, the main goal of our research was to assess the ability of the Ukrainian economy and its individual industries to ensure a stable reduction in natural gas consumption and, consequently, to reduce dependence on its imports in the context of economic growth. During the problem solving, we received some results that contain scientific novelty.
Firstly, the methodological principles for assessing the economy's ability to sustainably reduce energy consumption and to weaken energy dependence in conditions of economic growth were improved. In particular, six types of relationships have been identified between the change in sectoral value added and the change in the consumption of natural gas. The conditions under which the growth of sectoral added value is accompanied by a decrease in the consumption of energy resources are determined. The indicator of sectoral efficiency of the use of energy resources as the ratio of sectorial value added to the volumes of consumption of this energy resource is proposed. The model of decomposition of the growth rate of the sectoral level of energy resource efficiency is constructed. Quantitative indicators of measuring economic barriers on the way to implementation of energy-saving technologies are presented. The conditions under which economic growth is accompanied by a decrease in the level of energy dependence of the country's economy on imports of energy resources are modulated. Secondly, due to the empirical analysis, we estimated the influence of factors on the change in the volume of natural gas consumption by the industries of Ukraine and on the change of the sectoral level of the efficiency of the use of natural gas. It was established that the reduction of natural gas consumption due to increased energy efficiency mainly occurs in the sectors with an average value of the share of the cost of purchasing this energy in total operating expenses. The necessity of strengthening of the state financial support for the implementation of measures for the thermo-modernization of residential buildings by households was proved.
Thirdly, an assessment of the possibility for Ukraine to achieve independence from imports of natural gas with different scenarios of changing the main parameters that determine the probability of such an achievement was proposed in the article. Accordingly, the recommendations that can be taken into account when developing and correcting the state energy strategy are presented.
Achievement of the goal of this study has caused the need to solve a number of problems that are analyzed in the relevant parts of the work. In Section 2, there is a review of literature on the topic of research. Section 3 presents the methodological principles for assessing the capacity of the economy and its individual branches to achieve a sustainable reduction of energy consumption. Section 4 provides an empirical analysis of natural gas consumption in the Ukrainian economy and its individual branches. In Section 5, conclusions from the conducted research are drawn. Section 6 specifies limitations and prospects for further research.
Literature Review
The assessment of the possibilities of ensuring the energy independence of countries in terms of economic growth should be based on the study of the relationship between energy consumption and economic growth. It should be noted that there is a large number of such research works in the scientific literature, but the majority of them do not directly consider the aspects of ensuring energy independence. Thus, the results obtained by different authors are contradictory.
In particular, [13] we found that economic growth encourages energy consumption in countries that are members of the Organization for Economic Cooperation and Development (OECD), both in the short-and long-term perspective. Considering the relationship between the consumption of natural gas and the change in gross domestic product (GDP) for Gulf countries, the authors of work [14] note the existence of co-integration and the inverse relationship between these indicators. Also, the link between natural gas consumption and economic development was proven in the case of the economies of China and Japan [15] . However, [16] indicates that not all countries that are members of the Organization of the Petroleum Exporting Countries (OPEC) have such a link. In [17] , for the 12 European countries, the long-term impact of natural gas consumption on economic growth has been determined, but there is a lack of such impact in the short-term perspective.
Individual researchers use other indicators of economic growth instead of GDP. In particular, [18] the Index of Sustainable Economic Welfare (ISEW) is used for this purpose. It was established that in the short term for G7 countries, this index depends on energy consumption; however, it is possible in the long-term perspective to reduce energy consumption without compromising sustainable economic welfare. We should also highlight research on the economies of individual African countries in [19] , which showed that energy consumption has a relationship with stock market indicators and industrialization.
One of the important ways of reducing the consumption of natural gas and other fossil fuels is their replacement by renewable energy sources. At the same time, for many countries there is an inherent tendency to increase the share of renewable energy sources in the total energy consumption [20] . Therefore, research on the relationship between consumption of renewable energy sources and economic growth is of considerable interest. The results of these studies, performed by different scientists, vary according to the countries that were studied. Thus, the analysis of renewable energy consumption in 38 countries of the world, carried out in [21] , has shown the positive effect of this consumption on economic growth only in 57% of countries. A similar study conducted for EU countries showed that Energies 2019, 12, 4724 4 of 34 overall, the impact of renewable energy consumption on economic growth is positive, but this impact is not statistically significant for all countries [22] . We should also note the results obtained in [23] , which assessed the impact of renewable energy consumption on economic growth for the Black Sea and Balkan countries. It was found that for some of these countries, including Ukraine, the investigated influence was direct, while for other countries this influence was reversed.
In general, the inconsistency in the results obtained by various authors who investigated the relationship between energy consumption and economic growth may be due to the difference in the structure and conditions of the economic functioning of the country, which is under study. Finally, this is recognized by the authors themselves in their similar studies [24] , warning against unequivocally perceiving energy as a positive factor in economic development [25] . Thus, we can conclude that, at least, for some economies, economic growth is possible with a simultaneous reduction in the consumption of fossil fuels, in particular, natural gas. At the same time, such a reduction should be primarily made by increasing efficiency of the use of the appropriate types of energy.
However, the possibility of ambiguous effects of energy efficiency on energy consumption due to the existence of the so-called energy rebound effect should be borne in mind. This effect, which has been studied in detail in [26, 27] , tells that increasing energy efficiency can lead to a disproportionate reduction in energy consumption and, in some cases, to an increase in demand for a particular type of energy. However, not all studies devoted to this effect have revealed its action. In particular, in [28] , the presence of this effect was not found. However, in [29] , the authors came to the conclusion that there is a macroeconomic rebound effect in the Chinese economy. This conclusion is also confirmed by the results set out in [30] , although the authors of this paper note that the rebound effect is demonstrating a downward trend. In general, it is necessary to take into account the energy rebound effect, however, in most cases, its impact on the volume of energy consumption is limited [31] .
In general, the difference in the dynamics of energy efficiency can be seen as one of the factors causing differences in the ratio between economic growth and energy consumption in different countries. Moreover, the energy efficiency factor can lead to a non-linear relationship between economic growth and energy consumption. The existence of these connection was found in particular in [32] , although, for example, it was not fixed in [33] . According to the authors of the paper [34] , which explores the relationship between electricity consumption and economic growth in Algeria, the non-linearity of the relationship between these indicators is due to the fact that with the increase in their income consumers can afford to buy more energy-efficient devices.
Increasing energy efficiency requires improving of energy audit in both the industrial and household sectors [35] , as well as accelerating implementation of energy saving technologies [36] . However, various barriers often arise on the road to such implementation [37] . The question of most significant barrier from all of them is considered in a number of scientific works. Thus, in [38] , economic barriers are identified as the main obstacles to implementing of energy-efficient technologies. In [39] , the main barrier to the implementation of energy-saving technologies is the lack of necessary financial incentives, while information barriers are determined as decisive in [40, 41] . Also, individual researchers, in particular, the authors of work [42] , indicate the impact of the size of the firm on its ability to implement measures for improving energy efficiency. In general, various authors suggest somewhat different ways of grouping obstacles to the implementation of energy-saving technologies. Herewith, the information, organizational, technical, financial, economic and institutional barriers are the most considered. However, enough attention is not always paid to the ability of energy consumers to assess the effectiveness of investing in energy-efficiency measures. At the same time, such an ability requires diverse knowledge, in particular, of the regularity of technological changes [43] , diffusion of technologies mechanisms [44] , the risk of their implementation [45] , etc. It is important to note the role played by state policy in the field of energy consumption regulation, in overcoming the barriers to energy efficiency. In particular, this relates to the financial assistance provided for the implementation of energy-saving measures and tax privileges for those energy consumers who implement these measures [46] . Among the factors that affect the implementation of energy-saving technologies and the overall dynamics of energy consumption, it is necessary to indicate a change in prices of energy carriers [47] . In general, changes in prices of energy resources can have a significant impact on various macroeconomic indicators, in particular on GDP dynamics [48] , budget revenues [49] , investment activity [50] , etc. The results of assessing the impact of changes in prices of energy resources on the economy differ significantly in the various studies devoted to this issue. Thus, [51] states that the rise in oil prices had a negative impact on China's economy. At the same time, it was found in [52] that such an increase positively affected the Vietnamese stock market. Eventually, in [53] , the analysis of the Lithuanian economy did not reveal any significant impact of the growth of prices of energy carriers on economic development. Also the results of various researchers, obtained by them in the process of analyzing the impact of changes of prices of energy carriers on the volume of energy consumption, are contradictory. In particular, this concerns studies on the impact of changes in electricity prices on household consumption. Indeed, in [54] , the absence of such an effect was established, whereas in [55] this effect was detected.
In general, the impact of rising prices of energy carriers on the economy can be considered as positive if such growth stimulates the introduction of energy saving technologies, but does not lead to a reduction in business activity. The fulfillment of this condition depends on the ways of adaptation to the growth of prices of energy carriers which dominate the economy and its industries [56] . The establishment of the regularity of the impact of rising prices of energy carriers on the volume of their consumption for those energy resources, the requirement of which is fully or partially covered by imports, is especially important. This is due to the fact that in this case, the growth of prices of energy carriers can be considered as a factor that indirectly affects reducing the dependence on imports of energy carriers.
It is important to note that the problem of reducing the dependence of economies of different countries on imports of energy resources and the achievement of energy independence is in the spotlight of many scientists. They consider the question of ensuring energy independence at the level of countries and regions [57] , as well as at the level of individual energy consumers [58] . Herewith, the ways of reducing energy dependence [59] are determined, the main tasks that appear [60] are pointed out, and the experience of some countries in achieving energy independence is described [61] . At the same time, the problem of assessing the possibilities for achieving energy independence simultaneously with ensuring economic growth is not yet fully resolved. In particular, it is necessary to establish the conditions under which it is possible to achieve a sustainable reduction of energy consumption maintaining the proper rates of economic growth. It is also necessary to distinguish the apparatus of state regulation of energy consumption, which will help to achieve the desired ratio between the change in energy consumption and the rates of economic growth. This may be useful in developing a state energy strategy aimed at reducing dependence on imports of energy carriers.
Methodology

Modeling the Relationship between the Change in Value Added and Changes in Energy Consumption and Definition of Conditions for Energy-Saving Economic Growth at the Sectoral Level
The research of the correlation between economic growth and the change in energy consumption requires the preliminary choice of a method for evaluating relevant indicators. Regarding the volumes of energy consumption, their assessment can be made in the physical units of the corresponding energy resources or in conventional units, in particular units of oil equivalent. As for economic growth, the added value is one of the most representative indicators. This indicator, on the one hand, can be easily estimated on the basis of sectoral statistics. On the other hand, indicators of sectoral added value can be aggregated and directly determine the GDP. Given this, further in this work indicator of added value will be the measure of economic growth.
In general, for the various sectors of the economy and at different time intervals, the nature of the correlation between the change in value added and the change in the consumption of a particular Energies 2019, 12, 4724 6 of 34 type of energy (in particular, natural gas) may be different. According to Figure 1 , six types of such correlation are possible. In this case, special attention should be paid to the case where the growth of value added is accompanied by a decrease in the consumption of certain energy resources. Such a correlation between the listed indicators can be called energy-saving economic growth.
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where α-growth rate of value added in a certain sector of economy, share of unit; V a1 , V a0 -value added, created in the investigated sector of economy, respectively, in the reporting and base periods, monetary units; (1) and (2), the relationship between the change in the consumption of a particular energy resource and the change in value added can be represented as follows:
where I ef -sectoral index of efficiency of the use of certain energy resources (I ef = I av / I e ).
Using Equations (1) and (2), it is also possible to establish conditions for energy-saving economic growth in a particular industry by certain energy resource. As already noted above, for this indicator α must be positive, and the index β must be negative. The following inequalities must be fulfilled:
Similarly, it is possible to establish the formalized conditions shown above in Figure 1 other types of ratio between the growth rate of sectoral value added and the growth rate of consumption of certain energy resources.
The corresponding conditions have the form of inequalities, which are presented in Table 1 . Table 1 . Formalized conditions for the implementation of various relations between the growth rates of sectoral value added and the growth rates of consumption of certain energy resources. Thus, in order to ensure the energy-saving economic growth by particular energy resource in a certain economic sector, it is necessary to fulfill two basic conditions:
Types of Relations between the Growth Rates of Sectoral Value Added and the Growth Rates of Consumption of Certain Energy Resources
Conditions of Realization of the Corresponding Relations between the Growth Rates of Sectoral Value Added and the Growth Rates of Consumption of Certain Energy Resources
(1) the sectoral index of value added per unit of physical volume of production should exceed the sectoral index of volumes of consumption of a certain energy resource per unit of physical volume of production. In other words, the sectoral index of the efficiency of using a particular energy resource must exceed one;
(2) the sectoral index of physical volumes of product sales should meet inequality (7) . Accordingly, it is possible to distinguish three main reasons for the fact that in a certain branch of the economy there is no energy-saving economic growth by certain energy resources:
(1) the sectoral index of efficiency of the use of a certain energy resource does not exceed one;
(2) the sectoral index of efficiency of the use of particular energy resource exceeds one; however, the sectoral index of physical volumes of sales is too low;
(3) the sectoral index of the efficiency of using a certain energy resource exceeds one, however, the sectoral index of physical volumes of sales is too high.
Method of Decomposition of Sectoral Index of Efficiency of Energy Use
A more profound analysis of the regularities of energy-saving economic growth by particular energy resource requires the identification of factors that influence the sectoral index of efficiency of the use of this energy resource. As follows from the above, the value of this index is determined by the value of sectoral indices of value added and volume of consumption of certain energy resource per unit of output. In turn, the sectoral index of value added per unit of output can be presented as follows:
where R 1 , R 0 -income (revenue) from sales of products by industry by minus indirect taxes, respectively, in the reporting and base periods, monetary units; C 1 , C 0 -the intermediate consumption of the enterprises in this sector in the reporting and base periods, monetary units. Equation (8) can be transformed into the following expression:
where I R -index of income (revenue) from sales of products by economic sector by minus indirect taxes ( 
where C E1 , C E0 -expenses of enterprises of the particular economic sector for the purchase of certain energy resources, respectively, in the reporting and base periods, monetary units; C Eo1 , C Ej0 -expenses of enterprises of the particular economic sector for the purchase of other types of energy resources respectively in the reporting and base periods, monetary units; C o0 , C o1 -other expenses of enterprises of the particular economic sector for intermediate consumption, respectively, in the reporting and base periods, monetary units; I CE , I CEo , I Co -sectoral indices of expenses of enterprises of the particular economic sector respectively for: purchase of certain energy resources, purchase of other energy resources and other types of intermediate consumption (
It should be noted that in assessing the costs of enterprises of the particular economic sector for the purchase of other types of energy resources, physical volumes of their consumption can be estimated in comparable units (in particular, in tons of oil equivalent). Under such conditions it is possible to estimate the total volume of such consumption. The index of physical volumes of consumption of other types of energy resources will be determined as the ratio of these volumes in the reporting and base periods. Given this circumstance, the Equation (10) can be presented as follows:
where h 0 -share of expenses for the purchase of a certain type of energy resources in the structure of intermediate consumption in the economic sector in the base period, share of unit (h 0 = C E0 /C 0 ); This model is schematically presented in Figure 3 . The designations in the model correspond to designations in the formulas presented above. The deterministic relationships between the indicators directly derived from these formulas are represented by solid arrows in It should be noted that in assessing the costs of enterprises of the particular economic sector for the purchase of other types of energy resources, physical volumes of their consumption can be estimated in comparable units (in particular, in tons of oil equivalent). Under such conditions it is possible to estimate the total volume of such consumption. The index of physical volumes of consumption of other types of energy resources will be determined as the ratio of these volumes in the reporting and base periods. Given this circumstance, the Equation (10) can be presented as follows:
where This model is schematically presented in Figure 3 . The designations in the model correspond to designations in the formulas presented above. The deterministic relationships between the indicators directly derived from these formulas are represented by solid arrows in Figure 4 . At the same time, the dashed arrows in Figure 3 depict the statistical relationships that, under certain conditions, may arise between individual indicators. On the basis of Equations (9)-(11) it is possible to estimate the influence of individual factors on the value of the sectoral index of energy efficiency. To this end, it is expedient to realize the of the sectorial value added index per unit of physical output. The results of decomposition are shown in Figure 4 . From this figure it follows, in particular, that the change in the consumption of certain energy resource per unit of physical output produces a double effect on the change in the efficiency of the use of a particular type of energy resources. Firstly, this effect occurs directly, as follows from Equation (12) . Secondly, this effect is realized through a change in the value added per unit of physical output. (2) the company must have sufficient financial resources to implement energy-saving technology. In particular, if financing of such implementation is carried by a bank loan, the enterprise should receive a sufficiently large cash flow in order to repay the borrowed sum in a timely manner. Failure to fulfill this condition will be called the economic barrier of the second kind.
Modeling the Effect of Energy Price Increases on Energy Consumption and Sectoral Value Added
The modeling of these barriers to the implementation of energy-saving technologies is presented in Appendix A. According to the models below, the change in prices for the energy resource whose consumption is supposed to be reduced as a result of the implementation of energy-saving technology has a direct impact on the level of economic barriers on the way to such implementation. At the same time, this impact is ambiguous. On the one hand, the rising energy prices weaken the economic barrier of the first type. However, on the other hand, the rising energy prices may increase the economic barrier of the second type. This is due to the fact that the increase in energy prices leads to an increase in the cost of the enterprise and, accordingly, causes a decrease in the flow of cash proceeds to repay the loan taken to finance the implementation of energy-saving technology. It follows from this that there is a certain range of energy prices, in which the indicator of a generalized assessment of economic barriers to the implementation of energy-saving technology is the smallest.
It is important to note that the rise in energy prices may not only increase energy efficiency but also lead to a reduction in energy consumption due to a decrease in physical volumes of production. Such a reduction will occur if companies will adapt to the increase in energy prices by increasing the prices for their products. This situation, in its turn, leads to a reduction in the physical volumes of production and sales of the company.
Consequently, the rise of energy prices can affect their consumption both through increased energy efficiency and as a result of lower physical volumes of production, as shown in Figure 5 .
At the same time, the growth rate of consumption of certain energy resources can be represented as follows: e  p  E  E   I  I  I  I  I  I  I  I  I  I 
where ΔIE-the growth rate of the sectoral volume of consumption of a certain energy resource, share of unit; ΔIE1-part of the growth of the sectoral volume of consumption of certain energy resource, due to changes in the physical volume of production (ΔIE1 = Ip − 1); ΔIE2-part of the growth of the sectoral volume of consumption of a certain energy resource due to changes in the volume of consumption of this energy resource per unit of physical volume of production (ΔIE2 = Ie − 1); ΔIE3-part of the growth of the sectoral consumption of certain energy resources, due to the joint influence of both of these factors (ΔIE3 = (Ip − 1)(Ie − 1)). On the basis of Equations (9)-(11) it is possible to estimate the influence of individual factors on the value of the sectoral index of energy efficiency. To this end, it is expedient to realize the decomposition of the growth rate of the level of energy use efficiency in the reporting period compared to the base period. In particular, this growth rate can be presented as follows: where ∆I ef -growth rate of the sectoral level of the efficiency of the use of a particular type of energy resources, share of unit; ∆I ef1 -part of the increase in the level of efficiency of the use of a particular type of energy resources due to the change in value added per unit of output (∆I ef1 = I av − 1); ∆I ef2 -part of the increase in the level of efficiency of the use of a particular type of energy resources, due to the change in the volume of consumption of this energy resource per unit of output (∆I ef2 = 1/I e − 1); ∆I ef3 -part of the increase in the level of efficiency of the use of a particular type of energy resources, due to the joint influence of both of these factors (∆I ef3 = (I av − 1)(1/I e − 1)).
Using Equations (9)-(11), in a similar way, we can realize the decomposition of the growth rate of the sectorial value added index per unit of physical output. The results of decomposition are shown in Figure 4 . From this figure it follows, in particular, that the change in the consumption of certain energy resource per unit of physical output produces a double effect on the change in the efficiency of the use of a particular type of energy resources. Firstly, this effect occurs directly, as follows from Equation (12) . Secondly, this effect is realized through a change in the value added per unit of physical output.
Achieving the energy-saving economic growth of the economic sector requires a reduction in the consumption of certain energy resource per unit of physical volume of production. However, various barriers may arise along the way to such implementation, among which, in particular, we should identify the economic barriers. For assessing the economic efficiency of investments in the implementation of energy-saving technologies at the level of a separate product type, we should distinguish two main conditions in which such an introduction is expedient for the investor:
(1) replacement of existing technology with energy-saving technology should provide for a company that plans to implement this technology a sufficiently large profit increase. Failure to fulfill this condition will be called the economic barrier of the first kind;
(2) the company must have sufficient financial resources to implement energy-saving technology. In particular, if financing of such implementation is carried by a bank loan, the enterprise should receive a sufficiently large cash flow in order to repay the borrowed sum in a timely manner. Failure to fulfill this condition will be called the economic barrier of the second kind.
At the same time, the growth rate of consumption of certain energy resources can be represented as follows:
where ∆I E -the growth rate of the sectoral volume of consumption of a certain energy resource, share of unit; ∆I E1 -part of the growth of the sectoral volume of consumption of certain energy resource, due to changes in the physical volume of production (∆I E1 = I p − 1); ∆I E2 -part of the growth of the sectoral volume of consumption of a certain energy resource due to changes in the volume of consumption of this energy resource per unit of physical volume of production (∆I E2 = I e − 1); ∆I E3 -part of the growth of the sectoral consumption of certain energy resources, due to the joint influence of both of these factors (∆I E3 = (I p − 1)(I e − 1)). The change in total operating costs of the industry due to such growth is one of the main factors influencing the choice of ways of adapting the economic sectors to increasing prices for a certain energy resource. This change in relative terms can be estimated by the following formula:
where ∆C op -relative change in total operating costs of enterprises of the economic sector due to rising prices for a certain energy resource, share of unit; C op0 -value of operating expenses of enterprises of the economic sector in the base period (before the increase of energy prices); s 0 -share of cost of purchasing energy resources in total operating expenses of enterprises of the economic sector in the base period, share of unit (s 0 = C E0 /C op0 ). It can be assumed that the indicator s 0 significantly influences both the choice of the way of adaptation of enterprises to the growth of energy prices, and the change in the volume of consumption of this energy and sectoral added value. Indeed, if the value of s 0 in the industry is small, then this value may remain relatively small even after increasing energy prices. Therefore, in this case, the aforementioned barrier of the first kind may appear on the way to the implementation of energy-saving technologies in the industry. On the other hand, if the value of s 0 in the industry is high, then, after increasing energy prices, the profitability of enterprises in the industry can be significantly reduced. This, in turn, will result in the emergence of a barrier of the second kind to the implementation of energy-saving technologies in the industry. It is clear that the possible appearance in a particular industry of this or that barrier will depend on how much energy prices increase: the higher the growth, the lower the barrier of the first kind, but the barrier of the second kind increases. In view of the above, the following hypothesis can be formulated: Hypothesis 1. The growth of energy prices leads to the most vivid increase in the efficiency of its use, mainly in industries with an average share of the cost of purchasing this energy resource in total operating costs.
Taking into account Equation (14), hypothesis 1 can be strengthened by formulating the following assumption:
The lowest relative growth of operating costs due to the increase in energy prices is inherent in sectors with a small and average share of the cost of purchasing this energy in total operating costs.
If hypothesis 2 is fair, we can expect that the rise in energy prices will not significantly affect its consumption and the value added change in industries with a small share of the cost of purchasing this energy in total operating costs. At the same time, industries with an average value of the share of energy purchase costs in total operating costs can provide a reduction in the consumption of this energy simultaneously increasing the sector value added. Given this, one can formulate the following hypothesis: Hypothesis 3. The growth of energy prices may lead to energy-saving economic growth, mainly in industries with an average value of the share of the energy purchase costs.
Modeling the Relationship between Change in Energy Consumption, Added Value and Energy Dependence at the Macro Level
Establishing the relationship between the change in energy consumption and the change in added value is possible not only at the level of individual branches of the economy, but also at the macro level. In this case, macro level will be understood as the aggregate of industries or the whole economy of the country as a whole. In the latter case, the value added will be transformed into GDP, and it is also advisable to consider the level of energy dependence of the country on a given energy resource.
During the research of energy consumption at the level of the totality of industries, it is necessary to take into account the factor of structural shifts. This can be done using the decomposition model of the change in the consumption of certain energy resources presented in Appendix B.
It is also important to distinguish commercial and non-commercial energy consumers. The second category of consumers, in particular, includes the residential sector and government agencies. Changing the volume of consumption of imported energy does not significantly affect the country's GDP. Consequently, the reduction of such consumption can be considered as one of the main directions of providing macroeconomic energy-saving growth.
In addition to reducing energy consumption, an important condition for reducing the energy dependence of a country is the increase of its own production of the corresponding type of energy resources. Therefore, it is necessary to simulate the combined effect of these two directions of reducing energy dependence on the level of such dependence. It should be borne in mind that the level of energy dependence of the country by a certain energy resource can be estimated in two ways:
(1) by the absolute value of the demand for imported energy supplies (i.e., as the difference between its consumption and its own production). The condition for reducing this need in the reporting period compared with the base period can be presented in the form of such inequality:
or
(2) as a share of the need for external energy resources in the total volume of its consumption. The condition for reducing this share in the reporting period compared to the base period can be presented in the form of such inequality:
where E cc0 -total physical volumes of consumption of certain energy resources by all commercial consumers in the base period; I gp -country's GDP index; I egp -the index of the ratio between the volumes of consumption of certain energy by all commercial consumers and the value of GDP; E nc0 -total physical volumes of consumption of certain energy resources by all non-commercial consumers in the base period; I Enc -index of aggregate physical volumes of consumption of certain energy resources by all non-commercial consumers; M 0 -volumes of own extraction of certain energy resources; I M -index of volumes of own extraction of certain energy resources; v 0 -the share of non-commercial consumption of a certain energy in the total volume of its consumption in the base period, share of unit. Thus, a decrease in the country's energy dependence on imports of certain energy resources while simultaneously increasing GDP will be achieved in condition if the GDP index exceeds the 1, but is lower than its maximum values. These values are given by the right sides of the Equations (16) and
Energies 2019, 12, 4724 14 of 34 (18) . In this case, if in the base period the economy of the country was dependent on imports (means that M 0 < E cc0 + E nc0 ), the value of the right-hand side of the Equation (18) is always less than the value of the right-hand side of the Equation (16) . Therefore, the decrease in the relative level of energy dependence imposes less stringent requirements on the value of the GDP index, rather than reducing the energy dependence on the absolute value of the demand for imported energy supplies.
Equating the left side of the Equation (17) to zero, we can determine the maximum possible value of the GDP index, which will achieve full energy independence from the import of a particular energy resource:
where I gpmax -the maximum possible value of the GDP index, which will achieve full energy independence from the import of a particular energy resource. The above Equations (15)- (19) can be used in assessing the potential of reducing the energy dependence of countries on imports of certain energy resources.
Empirical Analysis
Estimation of Natural Gas Consumption in the Economy of Ukraine in Comparison with Other Countries
Despite the fact that in recent years, in many countries of the world, the volume of consumption of energy from renewable sources is increasing [62] , natural gas remains one of the most important energy sources. The trend of changes in natural gas consumption varies considerably between countries. The deeper patterns of these changes can be established by estimating the ratio between real GDP and natural gas consumption by countries. As follows from the data presented in Table S1 (Supplementary), the magnitude of this ratio for 2010-2017 in different countries varied in different ways. In particular, the ratio between real GDP and natural gas consumption during this period increased most strongly in Finland (by 140.83%), in the United Kingdom (by 43.64%), in the Netherlands (by 37.82%), in Romania (by 36.71%) and Hungary (by 35.12%) [63, 64] . At the same time, the growth rate of the ratio between real GDP and natural gas consumption was much smaller in countries such as Turkey (8.19%), Poland (6.34%) and the USA (1.43%). In China and Australia, the ratio between real GDP and consumption of natural gas in general has decreased.
One of the reasons that may cause different dynamics of the ratio between real GDP and natural gas consumption in different countries is the differences in their economic structure. Differences in the trend in the correlation between added value and natural gas consumption in different sectors of the economy of the analyzed countries are also important. A more detailed research of these trends will be made for Ukraine. This case is of interest, in particular, because in recent years Ukraine has experienced a sharp decline in natural gas consumption. In particular, as follows from the data in Table 2 , the total consumption of natural gas in the economy of Ukraine has decreased from 66.1 billion cubic meters in 2010 to 29.8 billion cubic meters in 2017, i.e., where was a fall of more than two times. If we will compare the volume of natural gas consumption in Ukraine in 2017 from 2010, the reduction of these volumes was 45.42%. It should be noted that in none of the countries discussed above in Table 2 , except for Finland, the percentage of natural gas consumption reduction was not so high. It should also be noted that at some time intervals (for example, if compared with 2013 with 2009), Ukraine's real GDP growth was accompanied by a reduction in natural gas consumption. A significant decrease in natural gas consumption in Ukraine during 2007-2017 was due to various reasons. In particular, decrease in the value of real GDP has some impact. However, this influence was not decisive, as the reduction of natural gas consumption in Ukraine during the period under research was accompanied by a significant increase in the ratio of real GDP to natural gas consumption (from 5.66 USD per one cubic meter of gas in 2007 to 10.65 USD per one cubic meter of gas in 2017). Such an increase in the ratio between the real GDP of Ukraine and the volume of natural gas consumption was greatly stimulated by a significant increase in natural gas prices for commercial consumers (approximately 11 times in the national currency [65]). In turn, such a rise in prices was caused by an increase in import prices for natural gas, and a gradual decrease of state subsidies of its consumers. However, despite the significant increase in the ratio of real GDP to natural gas consumption in the Ukrainian economy, the magnitude of this ratio in 2017 was less than in other countries. These data are presented in Table S1 (Supplementary). This may indicate significant reserves further reduction of natural gas consumption in the Ukrainian economy.
Analysis of Natural Gas Consumption in the Industry of Ukraine and its Individual Sectors
The industry is one of the largest consumers of natural gas in Ukraine. It should be noted that in 2017 compared to 2007, the total volume of natural gas consumption in the Ukrainian industry decreased by approximately 4 times [65]. However, as can be seen from the data presented in Table 3 , in some years of the studied period, the consumption of natural gas in the Ukrainian industry increased in comparison with the previous years. Using Equation (13), we realized the decomposition of the growth rate of natural gas consumption by Ukrainian industry for 2008-2017 (Table S2 , Supplementary). As the result of this decomposition, the change in the volume of natural gas consumption per unit of physical output was the main factor that caused the change in the volumes of natural gas used in Ukrainian industry in most of the years. It should be noted that the industries of Ukraine, which are the biggest consumers of natural gas, are the following: ferrous metallurgy, production of non-metallic mineral products, mining industry, food and tobacco industry, as well as chemical and petrochemical industry. The dynamics of natural gas consumption by the listed industries of Ukraine is shown in Figure 6 . From this figure, we can see that for all listed industry sectors of Ukraine, in the majority of years, there was a decrease in natural gas consumption. Table 3 . Growth rates of the sectoral volume of natural gas consumption (relative to the previous year) due to changes in consumption of this energy per unit of physical volume of production by industries of Ukraine, share of unit 1 . by the listed industries of Ukraine is shown in Figure 6 . From this figure, we can see that for all listed industry sectors of Ukraine, in the majority of years, there was a decrease in natural gas consumption. Table 3 shows the growth rates of the sectoral volume of natural gas consumption due to changes in the consumption of this energy per unit of physical volume of production by industry sectors of Ukraine (index ΔIef2 in Equation (12)). Table 3 shows the growth rates of the sectoral volume of natural gas consumption due to changes in the consumption of this energy per unit of physical volume of production by industry sectors of Ukraine (index ∆I ef2 in Equation (12)).
Industry
The overwhelming majority of the values of indicators in Table 3 are negative. This means that for most industries in Ukraine, the use of natural gas has increased in most years. At the same time, in this case, the dynamics of the efficiency of the use of natural gas was estimated by the change in consumption of this energy per unit of physical output.
At the same time, in 2017, the efficiency of natural gas consumption decreased by some industries. In particular, it concerns ferrous metallurgy, machine building and some other industries. Such a trend may indicate some exhaustion of reserves for improving the increasing the efficiency of natural gas use in certain industries in Ukraine.
The question how strong was the increase in the efficiency of natural gas use on the overall decrease in its consumption in various industries of Ukraine is also an important question.
As it follows from the data presented in Table S3 (Supplementary), for most industries this influence was rather high during 2007-2017. This influence was the largest in the wood processing industry (94.65%), in the production of non-metallic mineral products (81.7%), as well as in the chemical and petrochemical industry (72.31%). Consequently, some industries during 2007-2017 significantly reduced natural gas consumption mainly due to increased efficiency of its use.
Estimation of the Correlation between the Value Added Change and the Change in the Volume of Natural Gas Consumption in the Industrial Sectors of Ukraine
It is also possible to assess the dynamics of the natural gas use efficiency by the ratio between the change in added value of the industries and the change in volume of natural gas consumption. Such a correlation can be characterized by an index of natural gas efficiency based on the real added value. This index is calculated by dividing the real added value index by the natural gas consumption index. As follows from the data presented in Table S4 (Supplementary), the value of the index of natural gas use efficiency in terms of real added value across the entire Ukrainian industry during 2008-2017 significantly differed over the years of the investigated period. However, in most of the years, this index exceeded one, which indicates a general tendency to increase the efficiency of natural gas use in Ukrainian industry.
Regarding certain industries of Ukraine, according to the data of Table S5 (Supplementary), the index of efficiency of natural gas usage by the indicator of real added value significantly differed. At the same time there is a tendency to decrease the value of this index for most industries of Ukraine.
As can be seen from Figure 7 , the indicators of real added value changes and volumes of natural gas consumption by different industry sectors of Ukraine fall into different zones according to the numbering of these zones, presented in Table 1 above. In particular, energy-saving economic growth was observed in some industries, but in others there was no such growth. The reasons for these differences are presented in Table 4 . chemical and petrochemical industry (72.31%). Consequently, some industries during 2007-2017 significantly reduced natural gas consumption mainly due to increased efficiency of its use.
As can be seen from Figure 7 , the indicators of real added value changes and volumes of natural gas consumption by different industry sectors of Ukraine fall into different zones according to the numbering of these zones, presented in Table 1 above. In particular, energy-saving economic growth was observed in some industries, but in others there was no such growth. The reasons for these differences are presented in Table 4 . Taking into account that the indexes of natural gas usage efficiency to the indicator of real added value differ significantly in different industries of Ukraine, it is advisable to find out the reasons for such differences. For this purpose, the decomposition of the growth rate of the industrial level of the efficiency of the use of a certain energy resource is presented in Figure 4 above. The results of this model for the period 2012-2016 are presented in Table 5 . As follows from the results presented in Table 5 , for all the Ukrainian industries examined, the values of indicators ΔIav3 and ΔIav6 are negative, that means that the change in prices for natural gas and other types of energy has negatively affected the growth of the sectoral level of efficiency of natural gas use. This is due to the growth of these prices in the studied periods of time. At the same time, the value of ΔIav4 for most industries is positive. This is due to a decline in most sectors of natural gas consumption per unit of physical output. At the same time, looking on the data indicated in the last column of Table 5 , the level of influence of such a decrease on the growth of the sectoral level of efficiency of use of natural Table 4 . Grouping of Ukrainian industry sectors by the ratio between the change in real added value and the change in the volume of natural gas consumption.
Names of Groups of Industries
Industry Sectors that Fall into Their Respective Groups
When Taking into account that the indexes of natural gas usage efficiency to the indicator of real added value differ significantly in different industries of Ukraine, it is advisable to find out the reasons for such differences. For this purpose, the decomposition of the growth rate of the industrial level of the efficiency of the use of a certain energy resource is presented in Figure 4 above. The results of this model for the period 2012-2016 are presented in Table 5 . As follows from the results presented in Table 5 , for all the Ukrainian industries examined, the values of indicators ∆I av3 and ∆I av6 are negative, that means that the change in prices for natural gas and other types of energy has negatively affected the growth of the sectoral level of efficiency of natural gas use. This is due to the growth of these prices in the studied periods of time. At the same time, the value of ∆I av4 for most industries is positive. This is due to a decline in most sectors of natural gas consumption per unit of physical output. At the same time, looking on the data indicated in the last column of Table 5 , the level of influence of such a decrease on the growth of the sectoral level of efficiency of use of natural gas significantly differed for different industries of Ukraine. In those sectors where economic growth was maintained by energy-saving measures for natural gas, this impact was the greatest. Consequently, we can conclude that Ukrainian examined industries due to the increase in prices for natural gas, show an increase in the efficiency of its use. In order to analyze the patterns of such an increase in more detail, we will consider the impact on it of the share of costs for the purchase of natural gas in the amount of operating costs by industries of Ukraine. As follows from the data presented in Table S6 (Supplementary), this share is quite different in different industries. We will now divide the industries of Ukraine by each of the indicators listed in Table S6 into three groups, namely: industries with small, medium and large values of the corresponding indicator. The criteria for such a gradation are presented in Table 6 , and its results are presented in Table 7 . Table 6 . Criteria for graduation of industries of Ukraine by separate indicators related to consumption of natural gas. With high values of indicators More than 10% More than 0.8 More than 8% Table 7 . Division of industries of Ukraine by separate indicators related to consumption of natural gas.
Industry Sectors Groups
Value of Indicators in which the Industry Sectors Belong to Their Respective Group
Industry Sectors Groups
Value of Indicators in which the Industry Sectors Belong to Their Respective Group
Share Cost of Purchasing Natural Gas in Total Operating Expenses in 2012,%
Index of Natural Gas Consumption per Unit of Physical Output in 2016 Relative to 2012, times
Relative Growth of Operating Expenses as a Result of Increase in Prices for Natural Gas in 2016
Relative to 2012,%
With low values of indicators Construction
Ferrous metallurgy; color metallurgy; production of non-metallic mineral products; pulp and paper and printing industry; textile and leather industry Color metallurgy; production of non-metallic mineral products; machine-building; pulp and paper and printing industry; woodworking industry; construction; textile and leather industry
With average values of indicators Analyzing the data presented in Table 7 , we can make some conclusions. Firstly, the majority of industry sectors in which the index of natural gas consumption per unit of physical output is low, are characterized by average values of the share of expenses for the purchase of this energy resource in the total operating expenses. Secondly, most industries with low relative growth of operating costs due to the increase in natural gas prices are characterized by low or average value of the share of the cost of purchasing this energy resource in the total operating expenses. Thirdly, energy-saving economic growth by natural gas happened predominantly in sectors with an average share of the cost of purchasing this energy in the volume of operating expenses. Consequently, it can be argued that all three hypotheses, as outlined above in Section 3.3, are fulfilled for the economic sectors in Ukraine.
A more complete justification of the hypotheses expressed in Section 3.3 requires the division of the studied industry sectors into sub-sectors. As a result of this division, 50 sub-sectors of the Ukrainian industry were identified (Table S7 , Supplementary). Separate data on the performance of Energies 2019, 12, 4724 21 of 34 these sub-sectors is graphically presented in Figure 8 , and the variation and correlation between these data is estimated in Table 8 .
economic growth by natural gas happened predominantly in sectors with an average share of the cost of purchasing this energy in the volume of operating expenses. Consequently, it can be argued that all three hypotheses, as outlined above in Section 3.3, are fulfilled for the economic sectors in Ukraine.
A more complete justification of the hypotheses expressed in Section 3.3 requires the division of the studied industry sectors into sub-sectors. As a result of this division, 50 sub-sectors of the Ukrainian industry were identified (Table S7 , Supplementary). Separate data on the performance of these sub-sectors is graphically presented in Figure 8 , and the variation and correlation between these data is estimated in Table 8 . In this case, the hypotheses expressed in Section 3.3 are confirmed by the following conclusions for the studied industry sub-sectors of Ukraine (Table S8, Supplementary): (1) the low value of the index I e is inherent in 19 sub-sectors. Of these, 15 sub-sectors (i.e., 78.9%) are characterized by average values of s 0 ;
(2) the low value of ∆C op , is characteristic of 27 sub-sectors. Of these, 24 sub-sectors (i.e., 88.8%) are characterized by low or average values of s 0 ;
(3) energy-saving economic growth in natural gas occurred in 15 sub-sectors. Of these, 13 sub-sectors (i.e., 86.7%) are characterized by average values of s 0 .
As can be seen from the locations of the points in some of the graphs in Figure 8 above, some relationships between the studied indicators may be characterized by dependencies that look like β 0 + β 1 ·I + β 2 ·I 2 , where I-certain variable indicator. In particular, the indicators s 0 and I e described above in Table 8 can act as such variables. Regarding the dependent variables of the regression equations, they can be represented by all the indicators described in Table 8 except s 0 .
It is important to note that all indicators that will be used in the regression equations are determined by comparing the data for 2016 with the corresponding data for 2012. Therefore, medium-term indexes are being considered. This is due to several circumstances.
Firstly, in 2011-2013 in Ukraine there was a significant increase in natural gas prices for industry, but in 2015-2016 the increase in natural gas prices in UAH (national currency of Ukraine) was much smaller (due to the sharp fall in crude oil prices in the world market in the second half of 2014). Therefore, in 2015-2016 Ukraine's industrial enterprises could adapt to the increase in natural gas prices, which occurred in previous years.
Secondly, there may be a large enough gap between the moment when natural gas prices rise and the moment of introduction of energy-saving technological changes, if these changes represent the response of enterprises to the increase in natural gas prices.
Third, the rise in natural gas prices in the short term cannot be considered as a factor that drives production growth. Therefore, it will take some time for industrial sectors and individual businesses to transition to energy-saving economic growth, during which positive changes will occur, in particular demand for products will increase.
Fourth, in the case of the Ukrainian economy, it is quite difficult to use in the regression dependencies the indices obtained by consistent annual values of the corresponding indicators. This is due to the fact that these values fluctuate greatly over the years as a result of political events that have taken place in Ukraine since 2014.
The results of the regression analysis of the relationship between the individual indicators of the activity of the industry sub-sectors of Ukraine are presented in Table 9 . The total number of observations for each indicator corresponded to the number of sub-sectors, i.e., 50.
Indeed, as the data presented in Table 9 show, the following quadratic relationships exist: (4) between I Va and I e . In this case, this dependence is a descending one over the entire range of I e values that are under consideration. Consequently, as I e decreases (and, consequently, increases the efficiency of natural gas use by the Ukrainian industry), I Va (value added index) increases. This conclusion partly accounts for the validity of hypothesis 3 in Section 3.3. Table 9 . The results of the regression analysis of the relationship between individual indicators of activity of industry sub-sectors of Ukraine.
Indicators between which Dependencies are Established
Regression Coefficients Indicators of Regression Equations Tests for the Normality of the Distribution of Regression Residues
White Test However, there is no linear or quadratic relationship between I E and s 0 as evidenced by the low F-value (Table 9 ).
In this case, as follows from the data presented in Table 9 , by the selected criteria, the residuals for all regression dependencies are subject to the normal law of distribution. However, according to White's test, the residuals of the regression relationship between ∆C op and s 0 are characterized by some level of heteroscedasticity. However, all other regression dependencies meet the condition of homoscedasticity.
Therefore, the increase of natural gas efficiency in the Ukrainian industry in 2012-2016 was mainly in the industry sub-sectors with average values. This, in turn, has caused energy-saving economic growth in natural gas in most of these sub-sectors.
It should be noted that the unevenness of the change in the efficiency of natural gas consumption in various industries of Ukraine, along with the differences in the dynamics of their added value, may lead to structural changes in the consumption of natural gas in all the aggregate industries. Using the expressions (B1)-(B3) (Appendix B), in Table 10 we evaluated the impact of structural changes on the change in the volume of natural gas consumption in the aggregate industries of Ukraine. Table 10 . Input information and results of the assessment of the impact of structural changes and other factors on the change in natural gas consumption by aggregate industrial sectors of Ukraine in 2016 compared to 2012 1 .
Indicator Names Changes in Natural Gas Consumption in 2016 Compared to 2012
In As follows from the data presented in Table 10 , all considered factors of influence on changes in natural gas consumption caused the reduction of its consumption volumes in the aggregate of industrial sectors of Ukraine in 2016 compared to 2012. However, as follows from the data of the last column of Table 10 , the effect of structural changes on the reduction of natural gas consumption was not very strong and it was 12.24% of the total value of such a decrease.
Analysis of State Support for Measures to Reduce Natural Gas Consumption by Non-Commercial Consumers in Ukraine
It should be noted that, besides industry, significant volumes of natural gas consumption in Ukraine fall into other sectors of the economy. These sectors can be divided into three groups, namely:
(1) commercial consumers (except those generating heat energy), including industry, transport, commerce and other sectors that create added value;
(2) commercial consumers who work in the field of heat generation (first of all, they include the thermal power plants);
(3) non-commercial consumers (first of all, the household sector and budgetary institutions). As follows from the information presented in Figure 9 , the rate of change in natural gas consumption for the aforementioned three categories of its customers significantly differ. So the volume of natural We should note that the models of economic barriers to implementation of energy saving technologies at enterprises can be extrapolated in the form of formulas (A1)-(A7) (Appendix A) for implementing measures to save natural gas by households, in particular, thermo-modernization of residential buildings. Indeed, in this case we can see two main economic barriers, namely:
(1) insufficient efficiency of investments in natural gas saving measures, when saving on payments for natural gas is less than the amount of interest on a loan. In other words, the ratio of cost savings on natural gas consumption to the amount of interest on the loan is less than one. Then the difference between one and the magnitude of this ratio will characterize the first kind of barriers to the implementation of measures for natural gas savings in residential buildings;
(2) the lack of adequate income for households to repay the loan taken for the implementation of measures for natural gas savings in residential buildings, and to pay interest on this loan. In other words, the ratio of a part of the average annual income of a household that can be used to repay a loan to the value of annual loan payments is less than one. Then the difference between one and the magnitude of this ratio will characterize the second kind of barriers to the implementation of measures to save on natural gas in residential buildings.
Based on data on the average cost of various measures to save on natural gas consumption in residential buildings [11] , the magnitude of this savings from the implementation of appropriate measures [68], the average amount of payments for credit [69] , income and expenditure of households [66], Table 11 presents the results of calculation of the level of economic barriers to the implementation of measures to reduce consumption of natural gas in residential buildings. The high heat losses in residential buildings are the main reason for the high consumption of natural gas by non-profit consumers in Ukraine. However, the most of Ukrainian households are not able to pay for saving measures of natural gas due to their low incomes. In this regard, the Government of Ukraine is implementing a household lending program to realize such measures. In this case, the state is reimbursed from 20% to 40% of the value of such expenditures. At the same time, the term of lending is small and is usually about three years, and the interest rate is high-about 18% per annum.
We should note that the models of economic barriers to implementation of energy saving technologies at enterprises can be extrapolated in the form of formulas (A1)-(A7) (Appendix A) for implementing measures to save natural gas by households, in particular, thermo-modernization of residential buildings. Indeed, in this case we can see two main economic barriers, namely:
Based on data on the average cost of various measures to save on natural gas consumption in residential buildings [11] , the magnitude of this savings from the implementation of appropriate measures [68], the average amount of payments for credit [69] , income and expenditure of households [66], Table 11 presents the results of calculation of the level of economic barriers to the implementation of measures to reduce consumption of natural gas in residential buildings. Table 11 . Averaged levels of economic barriers to implementing measures to reduce consumption of natural gas in residential buildings in Ukraine and indicators of the efficiency of public expenditures for partial compensation of loan amount taken for these activities. As the data in Table 11 shows, a generalized assessment of the barriers to implementing measures to reduce the natural gas consumption in residential buildings, for most of these measures, exceeds 0.4. Therefore, in order to significantly increase the implementation of measures to save natural gas in the residential sector of Ukraine, it is necessary to increase the proportion of state compensation for loans taken for these measures. It is also worth noting that the level of the second kind of barriers is higher than the level of barriers of first kind by all measures. It follows that the further increase of prices for natural gas for the population of Ukraine will not cause a stimulating effect on the implementation of the considered measures for the natural gas saving.
Indicator Names
Averaged Values of Indicators by Measures to Reduce Consumption of Natural Gas in Residential Buildings
Installation of
Estimation of the Potential of Reduction of Natural Gas Consumption by the Economy of Ukraine and Possibilities of Achieving Energy Independence from its Import
The general tendency to reduce the consumption of natural gas by the economy of Ukraine during 2007-2017 led to a gradual decrease in the level of dependence on its imports. In particular, as follows from the data presented in Table S9 (Supplementary), the relative level of this dependency decreased from 71.35% in 2007 to 38.41% in 2017. However, this reduction was mainly due to a decrease in natural gas consumption, since its own production for the period under study did not significantly increase.
According to estimates submitted in particular by [68] , Ukraine has the potential to reduce the consumption of natural gas by non-commercial consumers by 2.4 billion cubic meters over five years and the consumption of natural gas for heat generation can decrease by 2.6 billion cubic meters. At the same time, the average expected growth rate of Ukraine's GDP is about 3% per year. It should also be borne in mind that in 2017 commercial consumers of natural gas in Ukraine (with the exception of heat generation) consumed about 10 billion cubic meters. Let us assume that the efficiency of using natural gas by these consumers will remain unchanged, and the growth rate of real value added will be 3% per year. Then, due to the reduction of natural gas consumption by non-profit consumers and those who carry out heat generation, the energy-saving economic growth by natural gas will occur during a certain period in the economy of Ukraine. The predicted duration of this period T can be determined from the following equation:10 · (1 + 0.03) T − 10 = 2.4 + 2.6, from where T is equal to 13.7 years. Thus, the Ukrainian economy may consume less natural gas than it consumed in 2017 for at least 13.7 years. However, ensuring the energy independence of Ukraine's economy from natural gas supplies will not succeed. This is due to the fact that the expected reduction of natural gas consumption is significantly lower than the absolute value of the level of dependence on imports of natural gas. At the same time, according to estimates made by experts [68], Ukraine may increase its own natural gas production by about 7 billion cubic meters for five years.
Taking into account the above, Table 12 presents the input data and the results of calculating the relative level of dependence of the Ukrainian economy on imports of natural gas for various combinations of input data. Also, the maximum possible values of the GDP index, which will achieve full energy independence from the import of natural gas, are presented in this table. These values are calculated by Equation (19) . Five-year index of the efficiency of natural gas use by commercial consumers (except those that carry out heat generation) Reduction of natural gas consumption by non-commercial consumers and in order to generate heat during five years, billion cubic meters According to the data presented in Table 12 , the achievement of Ukraine's energy independence from natural gas supplies is possible only if it simultaneously reduces its consumption (by non-commercial consumers and those generating heat energy) and increase its own production. Under such conditions, the Ukrainian economy can achieve independence from natural gas supplies, even with a higher five-year GDP index (1.238 instead of planned 1.16). At the same time, increasing the efficiency of natural gas use by commercial consumers (except for heat generation) does not significantly affect the level of dependence on imports of natural gas. This is due to the relatively small (about 30%) share of this category of consumers in the total volume of natural gas consumption by the Ukrainian economy in 2017. However, the combined effect of all these factors may lead to the fact that in 2022 Ukraine may become an exporter of natural gas.
Conclusions
The research showed that there are six main types of correlation between the change in sectoral volumes of consumption of certain energy resources and the change in sectoral value added. In turn, the specific type of these ratios, which is implemented in practice, depends on the values of the three indices, namely: the sectoral index of physical volumes of sales of products, the sectoral index of value added per unit of physical volume of production and the sectoral index of volumes of consumption of certain energy per unit of physical volume of production. In order to reduce the industry's consumption of certain energy resources accompanied by the growth of sectoral value added, the sectoral index of physical volumes of sales should fall within a certain range, the boundaries of which are determined by two other indices. At the same time, the limits of the specified range and its length essentially depend on the value of the sectoral index of the efficiency of the use of energy resources. We proposed to evaluate this efficiency by the ratio between sectoral added value and sectoral energy consumption.
In this work, the model of the influence of factors on the change of added value and volumes of consumption of a certain type of energy resources in the industry was constructed. In turn, it is necessary to realize an analysis of this model by using the decomposition method that is developed in the work of the growth rate of the sectoral efficiency of the use of certain energy resources. This method takes into account a number of factors of influence, in particular, changes in energy prices, their use per unit of output, etc. At the same time, interrelation was established between the indicators of the constructed model, in particular, the deterministic and statistical dependencies between them were distinguished.
Also, the authors identified the main methods of adapting the industry to increasing prices for a certain energy resource, namely: by increasing the prices for the products of the industry and by reducing the cost of energy per unit of physical volume of production. At the same time, we expressed hypotheses that the choice of certain methods of adaptation or a certain combination of them largely depends on the share of the cost of purchasing energy resources in total sectoral operating costs.
In general, the change in the sectoral structure of energy consumption can have a significant impact on both the change in the aggregate value of this consumption of industries and on the change in added value. At the same time, theoretically possible is the case when there is no energy-saving economic growth in each of the economic sectors, but it is observed in the whole set of branches. In order for this to happen, the existence of two groups of industries is necessary: the added value of one group should increase with the simultaneous increase of energy consumption, and the tendency of other group of industries should be reversed. Then, the energy-saving economic growth in the aggregate of industries is possible with a certain combination of values of these indicators by these industries. In general, if there is a decline in added value among the industries under consideration, the best option is to reduce the added value in the most energy-intensive industries from the point of view of ensuring the aggregate of all sectors of energy-saving economic growth. Such industries are those that represent the largest ratio between the amount of energy consumption and added value.
The empirical analysis showed that achieving economic growth with simultaneous reduction of natural gas consumption is inherent in certain periods of time in economies of many countries. This also applies to Ukraine. For example, in 2013, compared with 2009, its real GDP grew from 344.5 billion USD to 379.3 billion USD, while natural gas consumption decreased from 51.9 billion cubic meters to 50.4 billion cubic meters.
In general, during 2007-2017, natural gas consumption in the Ukrainian economy decreased more than twice. This was supported by a significant increase in domestic prices for natural gas during the period under study, as well as a high base level of natural gas use in production.
A number of industry sectors in Ukraine during 2007-2017 achieved a significant reduction of this level. In this regard, for some industries in Ukraine, increasing the use of natural gas has had a significant impact on the overall decline in its consumption. The greatest impact during 2007-2017 was in the wood processing industry (94.65%), in the production of nonmetallic mineral products (81.7%), as well as in the chemical and petrochemical industry (72.31%).
The sectoral analysis of the Ukrainian industry showed that, firstly, the majority of industry sectors in which the index of natural gas consumption per unit of physical output is low, are characterized by average values of the share of expenses for the purchase of this energy resource in total operating expenses. Secondly, most industries with low relative growth of operating costs due to the increase in natural gas prices are characterized by low or average value of the share of the cost of purchasing this energy resource in the volume of operating expenses. Thirdly, energy-saving economic growth by natural gas happened predominantly in sectors with an average share of the cost of purchasing this energy in the volume of operating expenses.
It was also found that the share of costs for the purchase of natural gas in the volume of operating costs of Ukrainian industries shows a positive correlation with the increase in operating costs due to the increase in natural gas prices. At the same time, the share of costs for the purchase of natural gas in the amount of operating expenses of Ukrainian industries shows a negative correlation with the natural gas consumption index Among other things, the work identified factors contributing to the fact that the growth of value added of certain industries of Ukraine took place simultaneously with the reduction of natural gas consumption. In particular, it has been established that energy-saving economic growth by natural gas occurred mainly in sectors with an average share of the cost of purchasing this energy in total operating costs.
At the same time, the impact of structural changes on the reduction of natural gas consumption was not very strong at the aggregate level of all the industries under consideration in Ukraine. In particular, in 2016, compared with 2012, the magnitude of this effect was only 18% of the total volume of natural gas consumption reduction.
Among other things, a study showed that the Ukrainian economy has the potential to weaken dependence on natural gas imports and even to achieve energy independence from its import supplies. This is possible, first of all, by reducing the consumption of natural gas by non-profit consumers, as well as by the sector that generates heat. Under such conditions, the projected duration of energy-saving economic growth by natural gas of the Ukrainian economy is 13.7 years. However, the achievement of the necessary reduction of natural gas consumption requires, in particular, an increase in the share of state compensation of loans taken by Ukrainian households to implement measures for the natural gas saving.
However, the achievement of Ukraine's energy independence from imports of natural gas is possible only if, along with the reduction of its consumption, its own production will increase. This requires an increase in state investments in gas extraction, the creation of a transparent system of auctions for the right to extract gas, reducing the rent for the extraction of natural gas, etc.
Limitations and Prospects for Further Research
In this paper, an index method for modeling the influence of factors on natural gas consumption and sectoral value added was applied. The accuracy of this method is due to the accuracy of the calculations of the corresponding indices calculated by the state statistical authorities. It should also be noted that not all interconnections between factors affecting the change in value added and volumes of natural gas consumption in Ukrainian industries were considered. In particular, beyond the research performed, the effect of rebound of natural gas consumption remained. Also, further development perspectives include the construction of a criterion for optimizing the relationship between economic growth and the level of energy dependence of countries. Finally, it is advisable to further explore the driving forces of energy-saving economic growth, in particular, the role played by this emergence of new energy-saving technologies.
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Appendix A Modeling Barriers to the Implementation of Energy-Efficient Technologies
The main conditions for the feasibility of implementing energy-saving technologies in enterprises are as follows:
(1) replacement of existing technology with energy-saving technology should provide for a company that plans to implement this technology a sufficiently large profit increase, that is, such inequality must be met:
where p re -price of a unit of energy, the consumption of which is supposed to be reduced as a result of the implementation of energy-saving technology at the enterprise; N 0 , N 1 -physical volumes of energy consumption per unit of output in accordance with existing and energy-saving technologies; c et -other costs associated with the implementation of energy-saving technology, per unit of output (to these costs, in particular, we may include additional costs for other energy resources if it is intended to replace the energy resource whose consumption is expected to be reduced); i n -volume of necessary investments in the implementation of energy-saving technology per unit of output; N i -minimum allowable return on investment (in particular, it can be the interest rate if financing of energy-saving technology is foreseen due to loan);
(2) the company must have sufficient financial resources to implement energy-saving technology. In particular, if financing of such implementation is carried by a bank loan, the enterprise should receive a sufficiently large cash flow in order to repay the borrowed in a timely manner. In other words, the following inequality must be fulfilled:
where F C -annual cash flow that an enterprise can use to repay a loan that will be taken to finance the implementation of energy-saving technology; F R -annual flow of return of the main amount of the loan taken and accrued interest; C inv -investment needed to implementing energy-saving technology; r-ratio between the annual flow of credit payments and the amount of required investment (r = F R /C inv ). Assume now that the inequalities (A1) and (A2) are not met. This means that there are economic barriers to the implementation of energy saving technology. In this case, the barrier that arises as a result of non-fulfillment of inequality (A1), will be called an economic barrier of the first type. The barrier that arises as a result of non-fulfillment of the inequality (A2) will be called an economic barrier of the second type.
It is possible to estimate the level of these barriers by establishing the minimal relative amount of investment reduction in the implementation of energy-saving technology, in which the inequalities (A1) and (A2) will be fulfilled: where k 1 , k 2 -the minimal relative value of the decrease in the volume of investment in the implementation of energy saving technology, in which the inequality (A1) and inequality (A2), respectively, will be fulfilled, and share of unit. From the equalities (A3) and (A4) we obtain:
Thus, a generalized assessment of economic barriers to the implementation of energy-saving technology can be made using the following expression:
where k-indicator of a generalized assessment of economic barriers towards the implementation of energy saving technology. At the same time, the zero value of the indicator k will mean the absence of economic barriers to the implementation of energy-saving technology.
Appendix B Decomposition Model of Changes in Consumption of Certain Energy Resources
This model is as follows:
where ∆E 1 , ∆E 2 , ∆E 3 -change in the volume of consumption of certain energy resources in the totality of economic sectors, respectively: due to changes in the aggregate added value of industries, due to changes in sectoral ratios between the consumption of certain energy resources and the amount of added value, due to changes in the sectoral structure of consumption of this energy resource; n-the number of branches of the economy under consideration; V a1i , V a0i -the amount of the added value of the "i" industry, respectively, in the reporting and baseline periods; E 0i , E 1i -volume of consumption of certain energy resources by enterprises of the "i" industry, respectively, in the base and reporting periods.
